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Abstract Contra-rotating axial flow fan is a kind of the vital equipment in coal mines. Their work conditions directly
affect the safety of staff and production. In the paper, the performance of the contra-rotating axial flow fan is experi-
mentally investigated. The study is focused on the fan performance, the shaft power and the match between the motor and
fan efficiency at different blade angles. The results show that the blade angle 43°/26° has the best aerodynamic perfor-
mance. The first engine has a greater impact on the fan than the second one. The blade angle with the best aerodynamic
performance does not necessarily correspond to the one with the best match between the motor and fan efficiency. The
blade angle 43°/24° is the best choice for the operation of the fan in the present study.

Keywords

List of symbols
Cos ¢ Power factor in Eq. (1)

STRES zxTR

Diameter (m)

Input current (A)

Correction factor

Shaft power (kW)

Pressure (Pa)

Negative pressure of the collector (Pa)
Volumetric flow rate (m>/min)

Air temperature (°C)

Input voltage (V)

Greek symbols

IS

< =

Density (kg/m?)

Discharge coefficient of the collector in Eq. (2)
Expansion coefficient of the collector in Eq. (2)

Efficiency
Atmosphere moisture in Eq. (3)

DX Shizhai Zhang

zhangshzh@126.com

Chongging Research Institute, China Coal Technology
Engineering Group, Chongqing 400039, China

@ Springer

Contra-rotating axial flow fan - Fan performance - Shaft power - Blade angle

Subscripts

a  Atmosphere

el  Electromotor

sat  Saturated

st Static

sh  Shaft

1 Entrance state of the fan

1 Introduction

The main fan is the key equipment in the ventilation sys-
tem of coal mine. Its role is to provide fresh air to the
underground, and ensure the safety of staff and production.
Also the main fan is the major power consumption
equipment in coal mine because of its uninterrupted oper-
ation with long-term stability. Statistics indicated that the
power consumption of the fan accounted for about 25 % of
the total amount in coal mine (Li and Wang 2009).
Therefore, it is of great importance for the safety and
economic operation of the fan.

The contra-rotating axial flow fan is a fan whose two
blades rotate in opposite direction. Figure 1 presents the
construction of the contra-rotating axial flow fan. The fan
mainly consists of seven parts, including collector, butterfly
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Fig. 1 Construction of the contra-rotating axial flow fan

gate, the first engine (impeller and motor), the second
engine, diffuser, whistle box and diffused tower. During its
working, the first impeller can be regarded as the front guide
vane of the second one, likewise the second impeller can be
the rear guide vane of the first one. Compared with the
conventional fans, the contra-rotating axial flow fan raises
the pressure ratio of the inlet to outlet within the limited
space, thus improving the aerodynamic performance.

Investigations on the fans have been ongoing for the past
decades. These works can be found in some popular vol-
umes (Lakshminarayana 1996; McKenzie 1997; Bleier
1998). In recent years, a large number of studies have
adopted numerical approaches, and these studies mostly
focus on the modeling of the fan flow (Hung et al. 1999;
Yu et al. 2005; Huang and Hsieh 2009; Gurina 2010;
Hurault et al. 2010) and influence of tip flows on the fan
performance (Jiang et al. 2001; Lee et al. 2003; Zhu et al.
2005) and noise generation (Jang et al. 2003; Jiang et al.
2007). However, few works were reported for the study of
the contra-rotating axial flow fan. In the present article, we
study the fan performance, the shaft power, and the match
between the motor and fan efficiency at different blade
angles.

2 Experimental apparatus and data reduction
2.1 Experimental apparatus

There are three ways to test the performance of the fan,
including intake experiment, exhaust experiment, and
intake and exhaust joint experiment. In the paper, we adopt
intake experiment, as shown in Fig. 2. The air is inhaled
into the pipe through the collector and distribution plate,
then discharged from the fan. The fan performance is
studied by adjusting the flow area of the pipe. The first

Collector The first pressure tap Distribution plate

pressure tap in Fig. 2 is used to measure the negative
pressure of the collector, and the second pressure tap to
measure the entrance static pressure of the fan.

In the experiment, the structural parameters of the
contra-rotating axial flow fan are defined that the diameter
is 2.4 m, the hub ratio is 0.54, the first impeller has 17
blades, and the second one has 15 blades. The volumetric
flow rate of the fan ranges from 4200 to 8400 m®/min,
pressure ranging from 500 to 3100 Pa. The nominal power
of both motors is 185 kW, and the rotating speed is
740 rpm. The test method is according to GB/T 1236-2000
“Industrial fans-Performance testing using standardized
airways”.

2.2 Data reduction

The test parameters mainly include the negative pressure of
the collector, the entrance static pressure, the input current
and voltage of both motors, atmosphere pressure and
moisture, and air temperature.

The shaft power of the motor is calculated as

\/§IU Cos ¢
_ » P 1
Non 1000 (1)

where cos¢ is the power factor, and 7, is the electromotor
transmission efficiency. The subscript ‘sh’ stands for the
shaft.
The volumetric flow rate is measured with the collector,
and calculated as (Zhou 2009)
66.6430,6,d>\/ P, APy

Pa
Q=10 o (2)

where o, is the discharge coefficient of the collector,
o, = 0.99, and ¢, is the expansion coefficient of the col-
lector, ¢, = 1.0. Ap,, is the negative pressure of the col-
lector. The subscripts ‘a’ and ‘1’ stand for the atmospheric
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Fig. 2 The sketch of the experimental apparatus
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state and entrance state of the fan, respectively. The density
at atmospheric state p, is calculated as

o Pa — 0.3779%0pu
— 3484 x 10322 T 02 P PPs
Pa % 273 +1

(3)
where p, is the atmosphere pressure, ¢ is the atmosphere
moisture, and py, is the saturated vapor pressure at the air
temperature ¢. The density at entrance state p; is calculated
as

P
= —_— 4
P1 Pa Pa ( )
The static pressure efficiency is calculated as
OpsKp st
= 5
176.0 x 10°Ny, ©)

where K, is the correction factor of the motor. The sub-
script ‘st” stands for static.

3 Results and discussion
3.1 Fan performance

Experimental study on the performance of the contra-ro-
tating axial flow fan is conducted at different blade angles.
Three types of blade angles, 43°/24° (the first and second
blade angle), 43°/26° and 40°/26° are adopted in the paper.

Generally, the static pressure and the flow rate are
mostly used as indices to characterize the fan performance.
The relationship between the static pressure and the fan
flow rate is usually referred as the performance curve, as
shown in Fig. 3. It can be seen that the static pressure
decreases with the increase of volumetric flow rate. When
the first blade angle is 43°, the static pressure increases
with the increase of the second blade angle from 24° to 26°.
When the second blade angle is 26°, the static pressure also
increases with the increase of the first blade angle from 40°
to 43°. These phenomena are also found in the static
pressure efficiency in Fig. 4. The dotted lines in Fig. 4
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Fig. 3 Relationship between the static pressure and the fan volumet-
ric flow rate
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Fig. 4 Relationship between the static pressure efficiency and the fan
volumetric flow rate

represent their highest efficiency point. We can conclude
from Figs. 3 and 4 that the blade angle 43°/26° has the best
aerodynamic performance. The blade angle 40°/26° is the
second and the blade angle 43°/24° is the last.

3.2 Shaft power

As mentioned above, the fan is one kind of the major
energy consumption equipment in coal mines. In order to
run the fan economically, the shaft power of the two
motors is studied with different blade angles in this section.

Figure 5a, b illustrates the shaft power of both motors at
43°/24° and 43°/26°. The shaft power decreases with the
increase of volumetric flow rate. This curve is similar to
that of the fan performance in Fig. 3. It can be seen from
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Fig. 5 The shaft power of both motors at 43°/24° and 43°/26°
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Fig. 5a that when the first blade remains the same angle
43°, the shaft power of the first motor coincides with each
other. The variations of the second blade angle do not
affect the shaft power of the first engine. This may be
explained that when the first blade angle remains the same,
the performance curve of the first engine does not change.
The second engine can not affect the upstream flow.
Consequently, the first motor consumption remains the
same. With the increase of the second blade angle from 24°
to 26° in Fig. 5b, the shaft power of the second motor also
increases. This is due to the change of the performance
curve of the second engine.

Figure 6a, b illustrates the shaft power of both motors at
43°/26° and 40°/26°. It can be seen that when the first blade
angle increases from 40° to 43° in Fig. 6a, the shaft power
of the first motor increases. The reason is the change of the
performance curve of the first engine. However, although
the second blades remain the same angle 26°, the shaft
power of the second motor slightly increases in Fig. 6b.
Also this is caused by the change of the first blade angle.
The first impeller can be regarded as the front guide vane of
the second one, which leads to the change of inlet velocity
of the second impeller, thus altering the shaft power.

3.3 The match between the motor and fan efficiency

It is of vital importance for the continuous and steady
operation of the fan in coal mine. The match between the
motor and fan efficiency is directly related to the work
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Fig. 6 The shaft power of both motors at 43°/26° and 40°/26°

condition of the fan. In this section, the match relation is
discussed at different blade angles.

Figure 7a—c shows the shaft power of both motors at
different blade angles. It can be seen that the gradient of the
first motor shaft power is larger than that of the second
motor shaft power, which indicates that the first engine has
a greater impact on the fan than the second one. The dotted
line in each figure represents the highest efficiency point.
In Fig. 7a, the shaft power of both motors is almost the
same in the highest efficiency point at 43°/24°. The shaft
power difference of both motors in Fig. 7b is 27 kW in the
highest efficiency point at 43°/26°, and it is 40 kW at 43°/
26° in Fig. 7c. The results show that the blade angle 43°/
24° is the best match between the motor and fan efficiency.
The blade angle 43°/26° is the second and the blade angle
40°/26° is the last. On the other hand, the blade angle with
the best aerodynamic performance does not necessarily
correspond to the one with the best match between the
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Fig. 7 The shaft power of both motors at different blade angles
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motor and fan efficiency. To ensure the safety production,
the blade angle 43°/24° is the best choice for the operation
of the fan in the present study.

4 Conclusions

Experimental study on the performance of the contra-ro-
tating axial flow fan has been presented in this paper. The
following conclusions could be reached:

(1) The blade angle 43°/26° has the best aerodynamic
performance. The blade angle 40°/26° is the second
and the blade angle 43°/24° is the last.

(2) When the first blade remains the same angle, the
variations of the second blade angle do not affect the
shaft power of the first engine. When the first blade
angle increases and the second blade remain the
same angle, the shaft power of both motors
increases.

(3) The first engine has a greater impact on the fan than
the second one. The blade angle with the best
aerodynamic performance does not necessarily cor-
respond to the one with the best match between the
motor and fan efficiency. The blade angle 43°/24° is
the best choice for the operation of the fan in the
present study.
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